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Abstract 
Weaving section have b1een shown to have an effect on capacity at roundabout approaches, because at weaving 
sections conflict and interference increases, resulting in a reduction of speed. The weaving section is the bottleneck of 
the traffic flow. Therefore, it should be given the highest priority in the capacity analysis. The current method of 
calculating the approach capacity at a roundabout mainly utilizes information about entry and exiting vehicles. Few 
studies are currently conducted from view of the weaving section in capacity estimation. The purpose of this research 
is to estimate the capacity of roundabout by modeling weaving gap acceptance at the weaving sections. For this 
reason, a total of 21 roundabouts which are located at the downtown and the suburb of Beijing are selected to conduct 
data collection. Significance analysis of speed at weaving sections has been conducted by means of the variance 
analytic method. Regression models of the entry vehicles and circulating vehicles are built up. Based on gap 
acceptance theory a new method is proposed to estimate the capacity of roundabouts. Furthermore, the relationship 
between the left turn and through movements on the capacity of roundabouts is established. The findings from this 
research demonstrate that capacity estimates with weaving section vehicles result in improved prediction of the actual 
capacity of a roundabout. Furthermore, the geometrical design of roundabout is another important factor which 
influence the capacity of roundabout, needs to be further explored.  
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1. Introduction 
Roundabouts have been widely accepted and used in countries for decades. A roundabout is a form of 
intersection design and control that accommodates traffic flow in one direction around a central island. 
Compared to uncontrolled intersection, roundabout can reduce speed as well as number of conflict points 
because of the geometrical design. The overall delay will probably be less than that for signalized 
intersection. Therefore, it is necessary to evaluate the feasibility of roundabouts as an intersection control 
alternative in the city of Beijing. 
The objective of this study is to estimate the capacity of roundabout by modeling weaving gap 
acceptance at the weaving sections. This paper does a careful analysis of the weaving section on capacity 
of roundabout. Besides, data collection has been conducted at 21 roundabouts of Beijing. Video cameras 
are used to help to collect data and Autoscope device is used to do data reduction. Regression analysis has 
been made to calculate the relationship between the circulating flow and the entry flow. On the basis of 
the previous practice, this article obtains experiential formulas from certain reference in which capacity of 
weaving segment is introduced. Hopefully, this study will provide valuable support for capacity 
estimation of a roundabout. 
Significant study has been done to develop methodologies to evaluate the functional performance of 
roundabouts. The significance of this research is to evaluate the capacity of roundabout as an intersection 
control alternative in Beijing. Roundabouts can be a good replacement for all-way stop control where 
traffic volume are high, because priority is assigned to circulating traffic and yield-at-entry control allows 
vehicles to enter without stopping when gaps are available. Capacity models for the weaving sections 
using gap acceptance theory and regression analysis techniques are developed in this paper. Capacity is a 
useful indicators used by most countries to assess roundabout performance. 
 
Fig. 1. Photo of Typical Roundabout in Beijing  
2. Literature review 
The roundabout concept was first introduced in early 1900’s and deployed throughout Europe and 
America. The first concept of gyratory operation was invented by Eugene Henard (1903), where all the 
traffic would be required to circulate in one direction. The gyratory operational concept, or ‘circus’, 
continued to spread and was frequently recommended for busy intersections of more than four legs. 
Design was based solely on commonsense and experience at that time. The first use of the word 
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‘roundabout’ appeared in the Ministry of Transport. Knight and Beddington (1936) suggested an 
adaptation to a circular central island, since better performance had been observed. In the US, the first 
design guideline for a roundabout (called rotary) was published in 1942 by the American Association of 
State Highway Officials (AASHO). A rotary was defined as an intersection where all traffic merges into 
and emerges from a one-way road around a central island. The general concept was that large radii gave 
long weaving sections, on which both high speeds and high capacities could be maintained. 
Fundamentally, three methodologies can be used to assess the capacity of roundabouts. These three 
methodologies are: interweave theory model, gap acceptance theory, and regression analysis theory. For 
the interweave theory model, Wardrop(1973) formula is considered to be a typical representative of this 
model. Based on the weaving theory, the model of capacity on weaving segment is established to reflect 
the capacity of roundabouts. However, with the development of the off-side priority rule, this formula has 
no theoretical foundation. Prior to the rule, conventional roundabouts performed as a weaving section 
between two streams: circulating and entering flows. With the new rule, entering traffic now has to give 
way to circulating traffic and enter when accepted gaps are available. The operational basis is measured 
by the number of vehicles entering the roundabout. Capacity is measured in terms of the entry capacity, 
rather than of weaving section capacity. Because drivers enter the roundabout only when the gap in the 
circulating traffic is large enough, the capacity of the roundabout will depend primarily on the circulating 
flow and the availability of gaps. For the gap acceptance theory, Tanner (1997) formula is considered to 
be a typical representative of this model. Based on the gap acceptance theory, it calculates the capacity of 
roundabouts by utilizing information about entry vehicles mainly. Later, there are some modified models. 
Hagring (2001) analyzed the influence of mixed circulating and exiting flow on the capacity of entering 
flow. Troutbeck (1992) analyzed the limited priority merging at non-signalized intersections. DENG W, 
MENG Y P, GE L (2005), made a contrastive analysis for two roadways uncontrolled intersection of 
capacity by motorcade analysis method. Allsop (2001) raised the definition of the reserve capacity, that is 
a new calculation method of capacity of roundabout--settled proportion interweave section volume 
restrict method, and then applied in non-signalized intersections (1996). Based on this method, the 
capacity of roundabouts is the sum of the entry capacity in all directions. For the third model, based on 
macro data, the capacity of the roundabout will depend on the circulating flow and the entry flow. Kinber 
(1989) conducted a research study on using a multiple linear regression method to derive the relationship 
between the circulating flow and the entry flow. The dependence of entry capacity on circulating flow is 
known as the entry/circulating flow relationship, and depends on the drivers’ interaction and roundabout 
geometry. 
The Highway Capacity Manual 2000 (2000) provides some findings about the capacity of the entry 
flow when buses pull in the circulating flow. The effort of weaving section is not taken into account or 
simply not considered by the HCM.  
In summary, based on the literature review, there has been a good deal of research on the capacity of 
roundabouts utilizing information about entry and exiting vehicles. However, little research specifically 
focusing on the weaving section is found in capacity estimation. 
3. Objective of the study 
The purpose of this study is to develop a model to estimate the capacity of roundabouts by modeling 
weaving gap acceptance at the weaving sections. In order to achieve this goal it is necessary to set up the 
relationship between the capacity of weaving section and the critical gap of circulating flow. In addition, 
a regression analysis is conducted to identify if the entry flow and the circulating flow be used to describe 
the relationship between the saturation flow rate at weaving section and the actual capacity of a 
roundabout. Furthermore, the model is also used to prove that under the ideal conditions, the proportion 
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of left turn and through movements affects the capacity of roundabouts. 
4. Methodology 
The priority stream, or major stream, is defined in this study stream of movement that can pass the 
roundabout without delay. This is usually assumed to be the circulating stream of movement for 
roundabouts. The minor stream is the stream of movement that can only enter the conflict area if the next 
major stream vehicle leaves enough gap for passing. Thus, the capacity of the roundabout depends 
primarily on the circulating flow and the availability of gaps. Since the entry stream of movement 
decreases if the circulating flow increases, because there are fewer gaps for vehicles entering roundabout.  
Therefore, the addition of each entry capacity should not be considered equivalent to the capacity of 
roundabouts. 
This paper used the concepts of reserve capacity to create a new method to calculating the capacity of 
roundabouts. The substance of this concept is that when the stream of vehicles at the weaving section 
achieves the capacity and becomes the bottleneck of the roundabout, the sum of all flows at weaving 
sections in all directions is the capacity of roundabouts. On the basis of the primary thought and 
conception of reserve capacity, the following two steps have been taken in this study: 
4.1. Selection of Roundabouts of Interest 
z Based on California’s Roundabout Design Guideline, roundabouts can be classified into six types with 
differing applications.  
z Normal Roundabout: a roundabout with a one-way circulating roadway around a curbed central island 
4 m or more in diameter. 
z Mini or Small Roundabout: a roundabout with a one-way circulating roadway around a flush or 
slightly raised circular island less than 4 m in diameter. 
z Double Roundabout: a single intersection with two normal or mini-roundabouts either contiguous or 
connected by a central link road or curbed island. 
z Ring Junction: a two-way circular ring road which is accessed by external spoke road by way of 3-leg 
mini-roundabout or T-intersections. 
z Roundabout Interchange: an interchange with one or more roundabouts. The most common types area 
freeway passing over or under one large roundabout which is joined by ramps and the cross street, and 
a roundabout at the ramps intersection with the cross street. 
z Signalized Roundabout: A roundabout in which traffic signals regulate one or more of the entries. 
This paper mainly aims at the normal roundabouts. A total of 21 roundabouts were selected in Beijing 
for data collection. Still, model building calls for careful investigation into the eight of them. The selected 
roundabouts should satisfy the following conditions in the selection of candidates. First, there should be 
an area where a digital video camera can be mounted to tape the entire roundabout and the weaving 
section. Second, the selected roundabouts should meet the demand of large and heavy traffic, but with no 
congestion or any incident occurring at the roundabout. The selected roundabouts to be surveyed are 
shown in Figure 2. 
4.2. Gap acceptance theory and the capacity of weaving section 
A gap acceptance theory is a more appropriate tool. An advantage of this method is that the gap 
acceptance technique offers a logical basis for the evaluation of capacity. Secondly, it is easy to 
appreciate the meaning of the parameters used and to make adjustments for unusual conditions. Moreover, 
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gap acceptance conceptually relates traffic interactions at roundabouts with the availability of gap in the 
traffic streams. 
The capacity of weaving section is defined as the volume that entry stream vehicle could merge into 
the weaving sections per unit time and the circulating stream vehicle at the weaving sections combined. 
 
 
Fig. 2. Geographical locations of roundabouts in Beijing 
4.3. Data collection and reduction 
All the investigated roundabouts have locations or spots (pedestrian overpasses or high-rise buildings 
nearby) to allow the surveyors to install video camera. The distance from the installed digital video 
cameras to the roundabouts ranges from 25 to 35 meters. Locations of these roundabouts are in urban 
areas where there are relatively high volumes of traffic on the roads but no congestion at the roundabout. 
In addition to the digital video cameras, radar gun is also used. 
Generally, each site needs three people to complete task. At first, the operation and performance of 
vehicles can be videotaped to researchers to learn from repeatedly. The second is responsible for velocity 
measurement. Third, surveyors use the laser meter to measure geometrics of roundabouts and takes 
photos. Volumes are counted in the lab using Autoscope. Normally, surveys are conducted during peak 
hours. The length of each survey time lasts five or six hours each day and each site requires 2 to 3 times 
of survey depending on the conditions and quality of the survey. When adverse weather conditions such 
as rainstorm, the survey is postponed to another day. Based on field observations of traffic features and 
on-scene survey of operating speed, a large number of fundamental data is acquired to calibrate the 
model. 
4.4. Model built-up 
By using the radar guns, we can get the speed of entry flow and the speed of circulating flow. 
Regression analysis has been applied to determine the relationship between them. The time interval for 
analysis is 15 seconds. Taking one roundabouts for example, it is: Yingbin roundabout. The relationship 
between the speed of entry flow and circulating flow are illustrated from Figure 3. 
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From these figures, it is evident that at weaving sections when the paths of two or more traffic streams 
cross in the same general direction, conflict and interference increase rapidly. This situation results in a 
reduction of speed. By conducting significance test, the difference between the speed of entry flow and 
circulating flow is statistically significant. As the classic adjacent exits and entrances, weaving sections 
are the bottleneck of roundabouts and the keystone and difficulty of traffic study. Therefore, it is 
necessary to study the weaving sections. The method of estimating the capacity of roundabouts by 
modeling weaving gap acceptance at the weaving sections in the research is proved to be feasible. 
 
 
Fig. 3. Relationship Between The Speed of The Entry Flow and The Circulating Flow at The Roundabout of Yingbin 
Assumptions 
The Gap Acceptance Theory implies two major assumptions: 
z The formula analyzed the delays at an intersection of two streams in which the major stream have 
priority. 
z The minor stream vehicle (the entry stream vehicle) enters when any available gap is greater than 
(Critical gap) seconds. If the chosen gap is large enough, several minor streams vehicles then follow 
each other through the intersection at intervals of (Follow-up time) seconds.  
(1) The roundabout has a one-way circulating roadway and the headway follows shifted negative 
exponential distribution. 
The probability density functions of the negative exponential distribution: 
                   )()( mttethP  ! O                                  (1) 
where 
t = headway and is greater than zero, s, 
tm= Minimum headway of the circulating flow in second, the general value of 1.0-1.5 seconds of 
relatively well, s, 
O = the average rate of flow within a period of time. 
The roundabout of Yingbin 
 
V1= the speed of vehicles which enter into 
the circulating flow, km/h 
V2= the speed of vehicles which drive out 
of the circulating flow, km/h 
V3= the speed of entry flow, km/h 
Time (s) V1 V2 V3 
0 39 29 37 
15 24 19 31 
30 25 30 30 
45 30 29 31 
60 33 19 32 
75 15 25 30 
90 20 30 36 
105 21 27 29 
120 23 22 44 
135 26 25 45 
150 30 25 38 
165 19 29 39 
180 15 25 35 
195 25 24 34 
210 29 16 29 
225 24 20 30 
240 25 31 30 
255 20 22 29 
270 15 26 40 
285 19 21 45 
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Model formulation is obtained as follows: 
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                                 (2) 
where 
Ce = Entering Capacity (veh/h), 
q = Circulating flow (veh/h),  
tc = Critical gap of the circulating flow, s, 
tf = Follow-up time of the entry flow, s. 
The capacity of the weaving section would then be 
                         qew  CC                                      (3) 
where wc = the capacity of the weaving section, (veh/h). 
 
(2) The relationship between the roundabout geometry and the circulating flow 
The curvature radius is no doubt a major factor in the geometrical design. First, the definition of the 
saturated state of roundabout is first propounded. That is, in the roundabout the headway of the traffic 
flow is the critical gap, and vehicles can quickly adjust themselves to changes in headway to maintain this 
condition. The saturated state of roundabout is indicated in Figure 4, the green cars are the through 
movements, the red cars are the right-turn vehicles, and the pink cars are the left-turn vehicles. Then in an 
ideal world, the analytical computation formula is obtained as follows: 
RLVtn c S2)(                                    (4) 
where 
n = the number of the critical gap in the circle line, 
V = the speed of the circulating flow under saturated condition (km/h), 
tc = Critical gap of the circulating flow, s, 
L = the length of the standard car ( m), 
R = the radius of the roundabout (m). 
 
 
Fig. 4. The Saturated State of Roundabout 
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The relationship between the circulating flow and the radius of the roundabout would then be 
                         
ct
q 3600                                     (5) 
Drawn from the formula above, the circulating flow can be described as follows: 
                           
LVt
Rq
c 
 SE 2                                    (6) 
where q= Circulating flow (veh/h), β=a model parameter.   
From the above indication, it is clear that in order to calculate the capacity more accurately, it proposed 
an ideal state of roundabouts—saturated-to-be. In this state, the relationship between the geometric 
conditions and the traffic conditions presents in (6) preliminary. A linear equation is established according 
to this result. The next step is to discuss about this equation in common circumstances, and extract the 
parameters by reading the videos after the field survey. 
 
 
Fig. 5. Diagram of Roundabout on Dredging Traffic Flow 
 
(1) The basic capacity of roundabouts 
When the stream of vehicles in one of the weaving sections achieves the capacity and becomes the 
bottleneck of the roundabout, the sum of vehicles in all weaving sections is the capacity of roundabouts. 
When a roundabout is completely symmetrical, with exclusive right-turn lanes, it is assumed that X, Y, 
Z, W are the entry stream flows, respectively. The area between the entry X and the entry Y is the 
weaving section I, going clockwise, and so on. 
WCXXXXX d 4342321413  
WCXXXXX d 1443132421  
WCXXXXX d 2124143231  
WCXXXXX d 3221314342  
where 
Xij = the vehicle flux from i to j.  
Cw = the capacity of the weaving section.  
If the proportion of right turn and turn left movements in each entry is equal. The amount of traffic in 
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each entry can be described as follows:         
                             
LS
CWZYXQ W
32
4
  
                          (7) 
where 
S= the proportion of through movements 
L= the proportion of turn left, S+L<1 
Then  
                             43423214131C XXXXXw                         (8) 
0C 2  w                                                
                              2124313C XXXw                                  (9) 
0C 4  w                                             
where 
Cwi = the vehicles across the weaving section i only 
434232312421141331 CCC XXXXXXXXww      WZYXLS    QLS   
Assuming the roundabout is completely symmetrical, and the proportion of turn-left vehicles is equal 
to that of the turn-right vehicles. When the entry vehicle is equivalent in all directions, then: 
                              
13 32
2
WW CLS
LSC 
                                (10) 
                          
131 32
4
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                          (11) 
Drawn from the listed formula, it can be concluded from the results that the decrease of the capacity of 
the roundabout is great when the proportion of the left turn vehicles increases. By the same token, it 
increases as the proportion of through movement vehicles rises. Consequently, compared with the through 
movement vehicles, the left turn vehicles are proved to have an important influence on the capacity of 
roundabouts.  
(2) The critical gap and follow-up time of roundabouts  
The Highway Capacity Manual 2000 provides a certain range of critical gap and follow-up time to 
estimate the approach capacity of roundabouts. The recommended range is shown in Table 1. 
Table 1. Critical Gap and Follow-up Time of Roundabouts 
 critical gap (s) follow-up time (s) 
The upper limit 4.1 2.6 
The lower limit 4.6 3.1 
 
Based on the recommended values for critical gap and follow-up time, when the circulating flow 
ranges from 100 (veh/h) to 1200 (veh/h), the capacity of the weaving section can be obtained (as shown in 
Table 2), by applying equation (2). The relationship curves between the circulating flow and the entry 
capacity are plotted by using the upper limit and lower limit of the critical gap and follow-up time as 
shown in Fig. 6. If the left turn vehicles and right turn vehicles are in equilibrium in proportion, the 
capacity of the roundabout and the weaving section under different vehicles in proportion that can be 
calculated.  
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Table 2. Capacity of The Weaving Section 
 
    
Fig.6.. Relationship between the circulating flow and the entering capacity 
From these figures, it would seem that the entry capacity decreases if the circulating flow increases, 
because when the circulating flow increases, there are fewer gaps for entering drivers. Therefore, the 
capacity of roundabouts should not be measured mainly in terms of the entry capacity rather than of 
weaving section capacity. 
5. Conclusions and further study  
From the analysis of the weaving section on the capacity of roundabouts it is concluded that the 
weaving section has significant impact on capacity of roundabouts. A total of 21 roundabouts were 
The circulating flow 
q(veh/h) 
The entering capacity 
Ce (veh/h) 
The capacity of the weaving section 
Cw (veh/h) 
tc = 4.1 s tc = 4.6 s tc = 4.1 s tc = 4.6 s 
tf = 2.6 s tf = 3.1 s tf = 2.6 s tf = 3.1 s 
100 1280 1066 1380 1166 
200 1184 979 1384 1179 
300 1094 898 1394 1198 
400 1010 823 1410 1223 
500 933 754 1433 1254 
600 861 690 1461 1290 
700 794 632 1494 1332 
800 732 578 1532 1378 
900 675 528 1575 1428 
1000 622 482 1622 1482 
1100 573 440 1673 1540 
1200 527 402 1727 1602 
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selected to conduct data collection to help determine the quantitative impact of weaving sections on 
capacity. Regression analysis has been implemented to obtain relationships between the entry flow and 
the circulating flow. By drawing trend lines it was found that at weaving sections conflict and interference 
increases rapidly. This situation results in a reduction of speed.  
Thus it is necessary to study the weaving section and the method of estimating the capacity of 
roundabouts by modeling weaving gap acceptance at the weaving sections is proved to be feasible. This 
study is preliminary and leaves much to be desired. However, the results from this study can help traffic 
management agencies to be aware of the impact of weaving sections on the research of roundabouts as a 
whole. For this reason the further study should be focused on the following aspects. 
z The validation research should be made on the model to discussing about this model in common 
circumstances and extracting parameters from videos, also the interference from non-motor vehicle 
should be taken into account in modeling of the capacity of the weaving section. 
z The capacity formula is suggested for a single lane, and completely symmetrical roundabout. For 
multilane roundabouts, it still requires further study. 
z The variation of drivers’ behavior and roundabout geometry is important in the capacity of 
roundabouts. In further studies the influence of different geometric elements, such as the number of travel 
lanes in the circle, should be identified. 
z More locations of roundabouts should be included in the data collection to make models more robust 
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